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(54) HETERO JUNCTION BIPOLAR TRANSISTOR. ALGAAS EPITAXIAL GROWTH 
AND CRYSTAL GROWTH METHOD 

(57)Abstract: 

PURPOSE: To obtain a higher current amplification 
factor stably by specifying an oxygen concentration in n- 
AIGaA of an emitter layer in a hetero junction bipolar 
transistor with an emitter layer containing n-AIGaAs 
formed by using solid state source molecular-beam 
epitaxy. 

CONSTITUTION: In a hetero junction bipolar transistor 
with an emitter layer containing n-AIGaAs formed by 
using a solid state source molecular-beam epitaxy, 
contribution of a recombination current component pBrb 
to an emitter base junction can be effectively reduced by 
making a recombination current component pBrb at the 
emitter base junction smaller than the recombination 
current component pBrb in a base layer. From this, it is 

desirable to set 1/pBrb<1, 9x10-2. For this purpose, it is desirable to keep an oxygen 
concentration under about 6x1017cm-3. 
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li K b 1 0 4\tv-:^\ 0 1 oc:'TtvHy^.ig5 tlJ^: n_ 
1-Ga A sS. 1 0 5li h" :^ 1 0 b(OriC^.m$ 
n:rcii:-Ga AsS. l 0 6i*y-- M 0 2SO'nl- 
G a A 0 H 1 0 4 , 10 5 OC-T^cit^s^^ n^^WteH i 
l/Cft!i<n-AlGaAsS> 10 74^n-AlGaA 
sgl 0 6:?:>>6«^<?>^$^?:St:f^r> «iGa 
AsS. 1 iiBktr>V-:f \ nGa AoSl O'l^iC 
WM^n^2-X7tm^:^:^m. l 0 9i*T>H-:^i n 
Ga Asia 1 0 7(^Tt':|f^s^^nA:r> K-vGa A$ 
12. 1 1 0 1*7 > K-^^G a A 0 S 1 0 9 0>ri'cmf&^ 
nfc^mmi<OG a A sgSf-ab^, 

[f^^ffiiE2 4 ] 

[)«EM.§?iSSiS] ^5fflS 

[)«E*f.fl3gaSl 0 127 

[0 127] 

[^BjCD^m] ia±<^J:^^<:5S*^li2wi<OI^0.^<^'^r 
n - A ! G a A s ^0>mmtSi!SL^ 6 x lO^'cm 'K T 
^C'S^Sf T c i :pO^^C ^ . Si* V - X <>^^x e 

[*'^»iE2 5 ) 

[isSE*t.^sss] mmm 
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[)«iE*f.^3ga«l 0 128 

[ME**] 

[SiErtS] 

[0128] ^>m2^^<onmo>^'^o^^j<^^^-- 

h-^Vi^xafiCctnii!. x5 ^S©n-A 1 GaA 
s *6C:'K^?SJ* ^ 3 X 1 0^^cm-^ <^: D $ < U :^c(?> 

[*'^fliE2 6) 
[)«iEM.^#^.2] ^SfflS 
[t$£7^.^3gS6] 0 129 

[)«Erts] 

[01291 uim^ti^^'nmo^'r^^^''^^^-- 

^ h^vi^A^yiCcfcnt*. x5 ^rSc-n -A 1 Ga A 

[^^SSiE2 7 ] 
[t«E:^.^#Sia] 
[)«EM.^3iS«] 0 130 

[ffiErt^l 

[013 0 ] nmAm.(on^ok i Ga a s 

^ }ij^^mi'c X n\t. SWT hm^o'iS^jn^^ a x x 

0^^cm-n :m<:i/feC>^C. mt*. ^rDj^^.'^^.K 

X e ^p? ^ Jl. Jl ^iSft f * 6 <!: c ^ ^ ^Slfc^i^ ^4E^^o 
[*^t|JE2 8 ] 

[»iiEM.i^#»s] mm 

mi£Mm^MZ] 0 13 1 

[mism 

[0131] Itim.h lZ^(On^Cf>h 1 G a A s xf^^ 
,'k^^Si<: J:ni*. SW^^KS^^iSfiC^ 3 XX 
0^'cin-^ J:D4»'h$<Uyc<Dr\ PS^J*, ^^ojf^ 

a 1/ . Si* V :^ f a? ^ i^^ic ^:^x 
fi^fiS^n^A 1 Ga A sxf^>^*/^>j^ls^^fft c^l> 
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miEj^m^z] mm 
miEMmmz] oizz 
im-^^) mm 

[0132] -^^i^.esE^(0^mo>A 1 G a A s xe^^ 

it^S^^n^A 1 Ga A sxt■^-4^t/^>^^.^^Jg^jS^T 
[^m$±3 0 ) 
[ttES*.^3iSS] 0 136 
[SiiErtS] 

[0136] ig*3f 1 Oia^<?>S^0C'^S«%.«^;^f£w: J: 
4ai#. n - A 1 G a A 0 6 x jj^lcm 

^iartc^ijiai u 'o^s m \t v - a <j^^^;r. e =r - <$: 

[*SS«SiE3 1 ) 

mmmsz] o is? 
imm) mm 
[ffiErtg] 

[0137] ig*JS 1 1 iE^O^m<D'ii&m^^^ttt^J:i 
tut. n-A 1 GaAs4'g'B^:a!g^3x 1 Q^'crn 

llc^: 0 ^ < sijiM l/0-T>. V ?>^s® X f ^ + 

[*^*|IE3 2) 
[)Si£M.4?i§^.'S) ^Jffl^ 
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[MiE^.^3@SS] 0)38 
[)SErt^] 

[0138] ig*3S 1 2l2^<^>#fe^cC'^a.^^:^^ti:j: 
tlitt. n-A 1 GaAo*CC®S7iMg?:2 xjjvilcjn 
2<^: 0 /^ ^ < Bflgttl U-^^. Si* V ^^s^x t ^ 4 i:^ 
-?:St*r. ^^Dtt^.'<-^i<-5' h^>*>-A3?(z:*x A 

[^^tSiE3 3) 

[j$£j^.^#!!is] mmm 
miEtm mm 

[MErtS] 

m 1 ] c«:.^<Dir 1 'mmuL^.^x ^ ^m^<o 

[*^«gjE3 4 3 
[}«iE^.4^Sil6] ^^fflS 
[JiiEMM^SS] m2 

[mism mm 
[iSErt^] 

[S2 ] c<D^mo>m 1 *te«cci:^x X 

[*8S»iE3 5) 
[t«£^.^#^£l ^»9S 

[SiE*t.^JggS]lillO 

[t«E:^S] mm 

mitm^m^] mm 
miEism mM 

10 1 y-:^. 102 103 
104, 105 rr-GaAsS. 106 n-Al 
GaAs@. 107 r^K--^'! nGaAog. 10 
9 7>r-:^GaA^^S. 110 GaAsgKo 
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2S/Si2 
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